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(21) Application No. : 10-1999-0027786 (22) Application Date: 9 July 1999 
(51) IPC Code: H01L 23/14 

(71) Applicant: Samsung Electronics Co., Ltd. 

(54) Title of the Invention: 

Method of Fabricating Wafer-Level Scale Package Using 
Re-distributed Substrate 

(57) Abstract: 

Provided is a method of fabricating a chip scale package by adhering wafers or 
individual chips to a re-distributed substrate that is additionally manufactured. A 
conventional method of fabricating a wafer-level package is performed directly on the 
wafers, thus causing malfunctions of circuit elements and high capacitance caused by use of 
a thin insulating layer. Further, low performance of a stress-absorption layer deteriorates 
the durability of solder connection. In addition, since the conventional method is 
performed entirely on the waver, even bad chips are processed to be the same as normal 
chips, thereby increasing fabrication costs. To solve these problems, the present invention 
suggests that the re-distributed substrate be manufactured to further include an insulating 
layer and a metal re-distributed layer, apart from wafers and to be adhered with the wafers. 
After the adhesion, the insulating layer and the metal re-distributed layer are removed to 
expose external connection pads, external connection terminals are formed, and the wafers 
are separated from one another to obtain individual packages. A buffer layer may be 
formed between each wafer and the re-distributed substrate and a portion of the 
re-distributed substrate may be removed to use its other portions as the external connection 
terminals. Also, it is possible to mount individual chips rather than the wafers on the 
re-distributed substrate. With the package fabrication method according to the present 
invention, it is possible to manufacture a wafer-level chip scale package while solving the 
problems of the prior art. 
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Ai m m m ai ai ^ stt£! 2^0^ i 05^ aw 2 

(74) CH El°! OldtJ 

^//S^ 2i= _ 

(54) ximg 71 g# Afgtf ^oiia a ^ § a?ix] asg>^ 

s 7IEKHI SllOlffl S£= £EI£! 7\\m H*WK» 12IAIM 

^i^^raf^oii s« 201Q. meh^ ?mm am s ±«s sh^ixisi *h2»bs suoiih won sih 
a "sax »^ftoi «e»K« to s«2i lh^soi seeis sa^ sia. E*h sooiih aaiwi 

[H€KM gH^S! StfSPI tm^CHL Mif SOU MAi£ SHt!" *}*JV 

5£l ^ S£ ?IS8 »I5*J S, Mm* 7I5.KHI SIIOIIBS BtWa. 

2tJ * 7P*°] 7I^M 0I^£ ^171^01 21^2^ IHEf- k^Al^j <f> 21^2^ OTi 

JH^ EH 5? I XI ^ tfEltfLK SIIOIIti£l XH HH £! 715 AhOi^f SAH CHI ^ &«§S *K)L 712 71* 

ffi" ii^it sM ^£ »a. s saw t&s mm sis&bs xbs&bboi an a. 
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m\m an a ±hisi n^in, simia, xhhh^ ijis, i, s** 



£ IE ?JIOiiHe ?H^£5 U-EHHS B9E0IE r . 

£ 2= £ lei "A" mwtm ublh = bssoiqk 

s 3^ aoim ^BHOiiAi mzji &ss § ±m« n?ixi6 lewis- aasoia. ■ 

E4£ £ 3011 EAI2 EH?IX|2| 751 SD]^ B9E0IQ. 

£ 5 LH XI E20§B fll 1 « AIM (HI [CM § £HBI SH?|X|2J- XH^gfBS LFEHJjfe E2MSA1, 

£ 5 *' E 6? HOIIHSI «E| §§i UERH& B9E60IH, 

£ 7 LH XI £ MS -31521 H2 SSI LrEHHS 99E60IDL 

£ 15 LH XI £.20S ?IOIfflSF S1HHS ?I5S StttKM IH^IAIM H2WS KB 6 LrEUHS B9E60I 
Eh 

£ 21 LH X! E 27^ B US2J HI 2 4' A| 011011 [Crg 3 ^IH 131X121 LhEKHS B9E60I 

Q. 

£ 28 LHAI E 31S s s^gH] »3 tiAINOI M ±HH HH^IXIEJ SI2E&BI6 U-EH.H S B9E60I 
Ef, 

<E2BJ ^fi Oil CHE]" £S> 
10, 100: ?J| 01 ffl (wafer) 
12, 102: 9JI0IIH 7l5K*ftfer substrate) 
14: WWgSi (scribe line) 
20, 150: 23515 S(IC chip) 
22, 104: g HHE(chip pad) 

13-2 



* 2001 -000942! 



24, 106: UlU"£S|(passi V at ion. layer) 

30. 140, 160: Si £MS HH?I XI (chip scale package) 

32, 112, 124: l = #(dielectric layer) 

34, 120, 122: g^#(meta! layer) 

38. 136: #Qi ^(solder bal I) 

110: 7\"S (substrate base) 

116: IHE(terminal pad) 

118, 170: ^^(photoresist) 

128: ^^(interconnection bump) 

130: ?|=-(redistribut ion substrate) 

134, 156: (buffer layer) ■ - 

136: 5U*S^ &»(terminal ) 

s a^jji K1I3L^ Oil Sh^ 22^ AL SQ :?fll^£S= 1E^ »2S JHBH£! 7IEMHI 

.sjoia Erfas n« sis 3*»ra a ^hbi ih5?ixii asae saw 5>*f aoiD. 

p fe y dhc^i Ah^oj ^Ait £9 SH-fe '^SSJ SJEH 4XH ±§5r5r= 20ID- ^5r2| fi^ 
± Vai tfEM llT M 3>IXI ^hk\o\M ^E£1fl£OL uH?IXI (packaga)^ D|«t|g?l gsjfl.P 

XI S 
HH - 

E^nOO'^'lfSMAl'W SI : aWffl "SB "S'^W'H nH?IX|(wafer level chip scale package) ' = 

* &iis k«?ixi sb« sWs a*4ei bi?ixi »5»h» sa ?hoiih ^ehmai sisrass m?i 
xi li ^ • aseofe sn nsoi sad. 

£ 1 CHI SilOlffl (10)71- ?H^°£ SAIEIOfSXL ^ ^QXI 2JDAIEL ?JI0lffl ( 10)011= ^~?H E= $ 

s^hS s^sM a *«fin;^^ scams ^s^d4)wi swa ais :?sssq. e 

2CHI EAI& HrSh 30 1 UrU2j"S^tl^ 4' (20)01!= 3 7 1 22:21 EOT *r= S SHE(22)1 

U SWWg"W^SS E 4M UERJ SID. 3(20)* ^2*r= 23*l£= tiEI52} STS 

910101 7I»(12)CHI *SEIXI°L E 4011= *?s»K)l EAimXI S^StD ■ 

ni^ni muh»oi ?4|0|ffl2J ^OIQL HIOIH £111 ±HH IH7IXl = Ur^ 01 SIIOIIH (10) ?|0fl 

sag ^nl^xi ^Isiibra hssd. e 3e bioiih *w ass e ^mh in?ixi<30)i u 

BLHT3 ol Q WSS?(14)fi CCfBh SllOlfflg ^E!tr= ^?H^ ^Bl^ ! 1^1X1(30)11 gf ^ SID. 
^B(H^ Sal?36^ al *?H f □ i(3B)«l ^^^^^ ^^ElOi SiD. ID ^(38)^ 

4011 LrDLh SID. 

: /oj ^31 3j| fi oi # *j (22)2.1 #D M(38)^ ^^#(34)1 #5r01 SlEIOj, ^^#(34)2J 

mSois i&»(32 36)oi «dadi sia. ^oiaLars, 1 ?^* ^ foiffl aim sh^ixioo)^ 



a I Dl5a «§» E 3011 EAIS 21 HF ^ aiOlIH »EH2| 151X1(30)101 S05EIDL 

□rXI°t£^ gB §§i 71^1 ^H^ EH?IXI10| gDlSD. 





011 dim*} ^HUAI^^l 7rX|>1l SD 




*JCL 

A1I = RH ?J|0|iti 3X-1ICHI [HohCH g^HS a^SSl StS^r^l tlHSCHI SIIOIIH ^EHOflAi 0|0| 
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^*f££ ^SS gOil CHoHAlE QH S# Si Mill- 0^7>A|^ EH 5? i XI iUggf StSSrCHOt *JCr= § 
□ID. 01 IH7IAI Ail £571 #£3 gfltJ ££J §3 §H_I-S Sfg£!0. 

[Q-^Ai , g «>goj 7I£3 ?j|0|iH am g fiH?IAI *II2^SQI 3H Si^ Ol£17hXI ^AIIS 

is watus saioh, «nom an s ±ms n?ixi^ 7W2 as s§i niw^ urn $ sis ah^. 

£ g ±fl!Si IH7IXI3 XH^i »IS*r7| 210IQ1. 

s^g BSSPI £|SKM, £ ^E^ AHHHd 715011 SIIOIB 3E = ^El£! Sii 

S*,™ g ±HS SH7IAI1 H£Sfe SfBt »IB«JD. 

s o-gfll [[fg g ^|°' HH7IAI3 »£BmS, (a) ?-IIOia 715011 g fi|E»]IL #7 1 g IE 

§1 #71 ?JIOIIH 7153 ^31 gU £J = Hllh#°il SEtfsHJ s SWS30H 3oH3 Aj^.7 

Q^3 SSJfflS gSOl SS^i aiOIIHS «««= EPII2K (b) 715 7I£# «0i All 13§I 
■P-^3 21^2^ «S*rH, #71 2W2| 2|*g^ HHE2I- S7|S{££ 31EIE^ #71 XIII 13 

#11- #71 21^3^ IHE $1011 ^ AHUH2#1 *#5hDi, #71 2* XHHHfiSS #71 HI WW 
si 2 S3«f Q4=^J St* IIEi ffiStJ *, #71 EiJ uREOi! BiS §Sofr 211 

r>r- AKHH2 7153 HI 5 33I2L (c) #71 2^3 StJ" SE01I #71 S HUES 2tJ^£^#i #71 ?J|D| 
ma #71 AHHH2 7151 BttfrS B7H2L (d) #71 AHHH2 71 SOB #71 ^3 21^2^ BE2F 371 

31eieh 21*3^ bah sgtr= btj a (e) #71 aoimsi sirs 3* caa #7i siioim 
i gB^i-oj nn7ixis gzm= &7im swyQ. 

#71 (d) El-Ttl^ #71 AHHH* 7153 715 7I£4« 2^ HI 71^01 #7! 21^3^ SHE1 SI^S in^AI 
7!H #7! £l^g^ HKEBJ 2|Z|0j| SU^S^ ^#o^ E^IOITlLh E^ #71 AH bH ^ 7153 21 

J 2 ^° SHE0 |I 715 7|£#0i #7! 715 7|*#1 B¥ AiiTlu^ 571I0IQ. Et_^_#7l (c) & 

711= #71 ?IO|itl£|- #71 AHHH2 715 Af-013 St^ # AH Oil SS^h^ 5^11 □ ^ 2i 

ST- #71 4^ #71 HOIiBSI- #71 AHUH^I 7150! SVS *Ofl #71 -S« BAH Oil SE7I- 2i~ °^# 
g^ll XH?H SatJ-HSW ^#£!7iLK #71 SllOIItlSh #71 XKHH2 71501 2t v a7| 2 CHI #71 Stt 
MAH Oil g^X-ill ^M^^AN «#£|Q. 

a ^SOil CCfS 4' SH71AI3 QS *H£^ = , (a) ^11 0 1 EH 715011 g #71 *j . 

M c mm All 21^ #71 □ I Lti 7153 #^Sg Ol^Oi^J Q4=3 S^SIS Si 

^Emh- E^I2K (b) 715 7I^# ?IOii Ail 1 m^mUt D^3 H^g^ IK El ^#SFH, #71 ^3 
gJ s ^ HHESh g7|Sj«S 31£IE^ #71 HI m<2=2\ #71 2I^S^ fiRE 91 01 AHHH2#^ 
^^Dl, #71 ^ AHHH^#^ #71 All ?IOil Ai!2 ^S#Hh Q^'S^ SHE! ^#t»" ^> # 

71 2|2|3 HEOI Bt. v SEM Et,^F~ AHHH^ 7153 Hi Bfl'a, (c) #71 2^2| 

3 2^ ^^Oil #71 EH El StJtJ-H^ #71 AHHH^ 71521- #71 JW^ mmm E^I2K 
(d) #71 ^3 ^H^ SOil LW^t[0\ #71 XHBH2 7151 §E^^ S (e) #71 AHdH^! 715011 # 
71 SHE 21- S7|S!^ 31EIE^ 2I^S^ ^'So^ E^ll ^^Q. 

Oj^L E31 S^mOl B a-woj ^AlWil SQ #AimMI ^mUXh t}C[. ESI 'SgOi 
^ E3^2z ^^firirl LFEI-yjD. 




aiOlffl SI 5 (wafer fabrication process)! €^r« HliS SIOISEI (100)= "E 52h g-g _^EH 




e= e 23 20)ii x^mn 

01 El (100)3 S nfiE(104)tH!= 71796(108, UBM; Under Barrier Metal)! ^#^Q(E 6 gi). 
g BlE(lM)k BWDlWl) ^H^OIDt ^ 7|79g(108)g LIS(Ni), ^EI(Cu). .^(Au)£S 0I^Oi5 
5. ^ 7ia#(10B)s S*T#, E^M £ ^ 7|i#3 71^1 mot, S^Oil CO-EF EIEfe(Ti), 

HM(C°), ElBaisHICTiW). LIHUhUS(NiV) ^3 DlB17rA| g^llF LIB(Ni). ^EI(Ou). 3(Au) g3 
^^101 i^EIOi A r gEI7IE ^LK 7|7^#(108)S °gtH E=£^ ^#^- ^ SiHDt, g 

iEO04) ^ftollS!- tfVai ESDI 7r^mEH E^ 2011 3»»ErB(PcCl ) g 0 ^ E = 
0rS^S(2incate) x^EIM 3fD1 g IHE(104) 53 CHI WEF^(Pd) E= DM2 (Zn)! Ht!Q. 
t^S. 8IOIIH xmi^~ iE^ AHbH^I 7151 ^HI^D. AHUH^ 7153 AllSggg E 7 LHAI E 1401 

05 s5d! ama 7i5 asfsi s e^i^ 7is 7ie#(iio) *ion aa#(ii2)a 2oiq(e ? 

g-i) 7|ag(110)H^ 4^ ^A»#^0il 3^hW ilTil Ail 71 71- 7fe^ ^EI(Cu)l ArM^r^ 2101 Urg 
^eFAl^, S^OIU « EFSj 01 g^l g^Ttf 11' 1 AtSW ^E 21Q. B3#(112)« Dl*= 1 
i° MEIOIDIE(polyimide) E= ^^AI-QIIS^ (BCB; BenzoCycloButeneJUl- BtfJOOID. ^2 
1(112)^ ^5 38 (spin i coatlno)3» ^ ^SCHI 3^hOI BWWDI. BBfnS! AHS S§ (photo 
process)! 7i*l HKE 79(114)101 fi'gSD. 

HUE 73(114)011^ E 8011 EAI& tdhSh ^OL EH E( 116)1 '^#^Q • 01 IHE(116)^ 

2i ^g^ yAKE 193 136)1 ^^oF7l 20IE^ S3# "£IVS^ IHE'EI- ^71^ ^Q, 21V 
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2^ 1|C(116)^ = A) £2*2 g^ 01*271X12 g(Au), LIH(Ni). ?£l(Cu) §2| g^| Eg 

Hoi Ss*kb' saw £2 s?5 ohjsi 715 7i*eoo2)t Eg a^ss a«w 4= wmm a 

SH Eg Sg£ Alg71sSlD. 

qls XDHHiSS g^« §g 3*I0ID. g^ XHHHa»(122)£ E 110)1 EAIS 221 if= ^ 

if 7^liai, 0121 erOI «2S17I 2I6KA1S 3X) E 9tHI EA|a 2*li3 &^(ne. Photoresist)* 

eiS iisi ag«a, £ 10011 eai& ass 3**020)* 22 m*t*ia. n^tui bitskiibjs 

JOSrTI £13 BSBK118) »I0|| ESS g^*E sroi XI171EIES. E HOI EAIS 221 irs 

0r9(Zn). «(Fe). a -!!g(Pt). SBTM(Co). tf(Pb). Lll(Ni) Ei= 12 ttSIWIQ. 
XHHH-^S(122) m\= DAI §3e(124)0| S«aD. 01 £W §3*024) e«A| o"!^ §3#(112)21 01 
IE 0I0IE. eS2AK)IS£*fJ!2r ^° «MO AlgSD. 6« 13B(124)£ H 
7j£IDI 0f^(l26)# 1S1D1 AHBH a 6(122)01 £l^£ kgSD(E 12 XRUH£!§( 122)01 SI* 

S itSS -St B2|« "S4J nHE(126) E r 5 r 7IS t2D. 

St illl E( 126)0)1 ir 2?J S = (126)71 8SSD(E 13 S^). 2ti B = (12B)£ . WIS 101 
»Q(so der)Sf Si §4i EgSlOl 2t2 EHE(126)= g^ AlHHa»(122)21 Sl*2^ EH 

c(116)l SSHM 515 7|2S(U0)21 37|S!©£ sieich S27I III SOU. 715 7|i«(110)l Eg ag 
£S AlIlT^ = 2ldr agSjbg E|gSS(ref low) SSI 38913, E 14011 EAIS 221 SfOI S tt 
EH 21 g = (12B)71 01^21 ^ 8S!2£ XBHHd 715(130)21 Hl£7 r 01 01 2D. . 

0121 STOI XH HHi5 7151 ^ES 5UIS101 IH7IXI X1I2CHI AlgSl^ 201 B USOfl COB H0IIEI 1R 
?IXI X||2&g2) 71S s H90ID. WHHtf 7151 B£S HI5S17I IUSW §0)2) J35SS0I 32 SI 

@ oie \?m siial» tTiv 4= sad. g*% *HHHas2i istf? noun wn 32 *sei£ 

201 01LI7I lUSOfl. 9WIIH llSiXllO) 12= 2^1 BWI Sfl S3 01LIE1. §3#2| SJMOII 

met aiefs § mn TinnAis^i 4= sid. 

HUH* 71^(130)21 5bl71 S2SEIS, S2A1 ?J|0IH(S 1521 100)1 XIUHa 715(130)011 

Stk"0(E1B #2). ?JI 01 ill (100)21 XHHHi3 715(130)2) a^S WHHd 715(130)011 ^gsi 2tf g 

fii&sm^i iivssjns KWKftsaff' ip sifs 

WI5SS0)I °^0)A1 13S2J Sil SE= 300-c LH2IOID1 gtl AI3g ^a^OllAI t>AI3 gEOID. 

SttOI SUB WUHfl 715(130)21 aiOiiH(lOO) A10I2) 2tf SAH(E.I621 132)WI JTf f;(134. buHer 
Payer U * g*CKE 17 S2). 01 &SS(134)S EA)I5 «^(capl I lary action)0)| 2)ol01 
HI71 2tf S AH (132)1 iH£^ ±91 3QI'(underf i 1 1) StlCH SS2I01, Wll 10) 2E71 e? 

250 pols^3 M*AI(5ow T^XIl All^ 2^ 132)1 fflS * ^ 150'c£l SEWIA1 2f 60M 
^^ gSlAI^D. 0121 ^ SINS ?JI0lffl( 100)21 XHHHd 715(130)01 SKI3I SM Stt 

Sah?132)IhT tfEia ^AlfsilTcone resin)21 B^HIl »I?JS= oSi SSBAIE 

S!-#S(134)1 4= SID. 

^* = 1 2S AHHHd 71521 Alg21 QgCH S BTSM D5 aolH BflH Q7IAI «|5»a2| 

10) 2tJ- LH^4S2J m\ £M Ml o«rfc^ f 4= 22D. 

sthgg(i34) ss *2J-a2 E+7H= 7I5 7|2S( 110)2) XII 71 BJIOID. NS SO) 715 7liS(U0)OI 
^^^T'^cJ. 715 5ll*(1 10)01 HI712I3. E 18011 EAIS U121 ifOI £l¥2^ uHE(llB) 

13^' WStA>tyii Slav SSm fflbfJBi 

D. - - • 

01^ ^Se^ ^ Al W 21 ^ h EI, £ ^S°) »|2 ^A|MI= X8HH4! 7150)1 ?I0IH£^E1 MEIE! 7H1 Sit 
2§t2D OftT »2SA SEH SX1IS1 S S71AI1 Q SBSlf 4= SID. Wit gOI. 8D 

olffl ^EH Oil Al BSTSS SSS! SOU CHSHAI IH?|XI mSSSt atHSlAI SfOlE =JD. ^SL 3HW £ 
7121 |IiX121 #01 Miloi *g 2X121 3°. 0121^ X||£&BS XB 6 4SF3 «li37 r 2) MlfiE2 
fe^t S|t 4 H= OISOI SJD. 

OISK B-WSSJ ?aiH 4' Al Oil (HI CHSrCR E 21 LHX| E 271 SriSlOl ^SS12X1 ^D. 

i us "jgis'&v.msff msgw'sawAiRK aaa#as 

51D E 22= XHHH£! 715(130)1 EAIS1I! SiD. 2jA| ni tfAIMNAI «St> XHUH^ 71521 3 ? 
5 2J fllig-gOl gl'olD. 

X«HH^ 715(130)2) 5UI712ig2l3, ?JI0lii)g^E1 SEIS '7H« S(150)ll XHHHd 715(130)0)1 2tJ 

S«||CH sToTaI S SDE(104)2f Stt g = (128)5 2^1 0H7HS2D. SV »1 ^'AI01I21 Sgol 

D. 
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s g-goj a , 3 4«A|Q1!^ X1M ^AKW! £h ^AhnhXISj-. S^2^ EW1 SB0I QMQ. B 

2J *||3 gAIDIIM [&g *! £Mg fin 51X121 aiOlffl (lOO)fit 7IS!"(130)S StWKn 

«(i34)s rrt^^i-^ ^thhi-xi mi 6iAiMQt sbwwm^ ?a v □Bin lw-thm ^aiwkhiah- 7W 

M7\ 
71* _ 

01 ah SOI 7IS- 7I£#1 £l¥2^ E^E 2I-S0I E 29 LH XI E 3 1 CHI EAIEID1 SiCL SIX], 

£-29011 £AIS tJfSf SOL 715 7l£#(n0) £IM &H"^(170)g £Ju|H SK@1 E^Q. an- 

s« 170)21 5HS£ 21^2^ IE (116) *||2|*J- UDiAl 715 7|£#(110)M Xil 71^71 ?|*J- IH&0I 

CL ^^(i?Q)~ D^HS SKW aWSSS Stm9 Si^(170)££ ^(HIE^ 715 

7li#(172)0l §Q(E 30 .g£). 0IO1A1 g&afg »ITiShS 21^2*5 B»S A^l 715 

7|i#(172)0| 31 'S2). 

D^7hA|2J «^£g *||2 gAIWIN LOS £ll£^£HIAi 21*2^ EW2J ^£E^!^ M3 £AIWH BJ-fflS 
0!£ £3**" bdh&h SOL s «^0HI COS S 1?|A|2J »|5 7|£2] Xifi^OI °J-H 2i= 

oi ei ^xi ^M^mw «a«h& mai chi , aoim aa s ^i^ hh^ixi^k 7 ran 2^ ss* hchs « 

1 ^ HQ. 

^7W WIM #CH S3, ^fi ARHH^ 71 5M Xil£oK?l UU^CHI ?IOIffl ?i(HIA1 3|g Sti6fe S§ 

01 EH^ MOi^LL mE\M, ?JIOIfflCHl ^£EJ 5l£±ttMCHI Dlxl~ S* F 0I £^uH3 £!SIS0I *J 

£"£!Q. 

E*L XH HH^ 71521- «miffl(£E£ S) AhOIOil ^iil JHXHSPI UH&Oil 3°^ ^9g0| »SE!I2 §^ 
^MEii^M SOT* 4 2JD. CD-^Ai , =HS||AIS^7L S^SHM 2tJ2J MOiEKIL 

OhgEI, s gj-go, ^li^gOil [0^3 ^HHH^ ^IS-CHI SIIOIES?^ OMEf SIIOIitlS^EI ME|£! SS 
1 SW*2Q. IKW, SIIOIIH £ EH Oil M 52 ^£ SH7IAI JIIZESSOilAi «I£|A|^ ^ 

2i£Dl, ^^fitl »l SE^ra ^Al^" 4 2iQ. 

s gA1IAi£F ESCHI^ S ^ h SBi bh^5|y ^AIWICHL CHBI-Oj 7H AloFS^OI , |g gDiMOl Ahg£|^ 
ILL 01^ BAI s 7ia LHgl ^J?j! ^guFH ^AfHj OI^HM SBfflS! ^JOIOilAi AF 




(57) &^?21 t£4>i 

m=?& 1. (a) SllOlffl 7I5W1 S EHEHL ^71 S SflEMM X1I21^ ^| ?|0liH 7IS-2J ^ 

^8 SH Si^ HI^^IM Stmi-Dl, ^S^Oil BJuhW AiS Ch^°J S^SlS SMOI 

alyioiitii ^iSo^.E^; 

°ii£IE^ ^1 Aill S?\ 21^2^ SHE ^1 Oil ^ UmZ^W 2J\ ^ 

S9# M 2 C^2J StJ" IHEM ^1 2|"2fHJ SU" SHE 

oil ^^oh^ 2# ?;hhh^ 71 S£| Xili e^i; 

(c) ^71 Z|Z|2J ^ECH! ^71 S' SHE1 Si»*f£^Afe| ^71 SllOlffla^ ^71 XHHHd 71^1 St^l-^ 

(d) £91 ^HH^ 7ieDil £71 2|^-BJ 21^2^ SHE2I- 27I^E^ SltlE^ £l^g^ E^t ^£^h~ 
&7l; 

(e) £71 ?4I01E1^ g^S^g £71 ?|0lfflM IBthOI IH7IA|^ ^£ioF^ E^ll 

SH^IAIBJ 

g^tJ 2. HI 1 ^CHI SZOiAl, £71 (d) E^l^ £71 7IE^ 715 7|^S1 3^ *!17^|-Oj £ 

71 £!^g^ SHE1 21^^ b:^A|7IH, £7} £|^g^ SHE2J ^^011 £1^2^ EWH ^£oF^ 
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^g£^ me ±nv HH7IXI£J HISS'S ■ 

3 hi' i vm SiCHAi, #7i (d) = #7i huh* 7is£J £i^2^ hheoh 7is 7i*#oi 
trsi #71 7is 7i£#i a* HiTise ^si 192^ m= * ±mh nH?ixi°i hi^e . 

4 HI 2 V E~ » 3 MHI 2 DIAL #71 (c) EWI£ #71 WI0I-SH2I- #71 «H ^ 7IS AKJI2I 
St VlW ttSWS B*lt Q 5tt*F£ 211 *h£ 9 ±MSi IIH7IX|£J H|£&g. 

gzi^h 5. HI 2 V E^ HI 3 VEHI 2iOUL #71 (a) #71 ZW2| S SHE Oil 3^ 71 

b« □ sws 21 uss^ sfe s ^ib B?iwa hissb. 

6 Hi 2 V E^ Hi 3 VWI °'OiAi, #7! (b) E^!£J HM S3S3I- HI 2 S!£AKDI1 
I^ej c£*^ KIDIDIES OI^OiAl^ 211 H9E£ tt£ S 1 ±*lfii IH?IA|BJ «58f«. 



fcH 



v HI 2 V E= X1I 3 VCHI 2JCHAI, #71 (b) EKHI°I 2 V #?l 2 V HHECHI #Q _ 

Iff ^ Ell^°5hDl V#Ei = 211 *S££ S! ±HS HH^IAiBJ HI3ESH. 

8 HI 2 V E^ HI 3 VCHI °10\M. #71 (c) B»2J S«JS 180-230-cQilAI ^ Ol^Oi 
XI ^ 21 «S£5 £j ±MS IIH5?IAI£J H12&S. 

g. l\\ 2 V E= HI- 3 *KH! SIOiAl, #71 71 S 7li#^ S^H^ Ol^OiXIOI #71 (d) E^l 
CHI Ai a^ZM Hj§Kfl H7IH& 211 H9E£ ShS SI ±311 » nH?|XIB] HI2&E. 

10. HI 4 4MHI SiOlAi , #71 #71 «IOIfflaF #71 71 SOI StS ^ CHI #71 

2V 1AHCHI SE7I- 2J= °-*i# StMaiB *H^H SfhV££A*l ^£EI^ 21S1 £) ±9«tt 

Ii|S7|A!£J HI5SS. 

ga^ 1 ii HI 4 «WI 2iCHA1, fe^l 4^1 WOlffla XHUH^ 71 SOI atfH7l 2 CHI ^71 



§^ 12. (a) SllOlffl 71 SOil ^2*J S HHE12L ^71 g HUE« HI 21 tJ" ^71 SllOlffl 7IS2J g 

??f en a- uisfistss.oi^ois q^bj s^tis ss^ ^t^e nomm. s^tis s 

(b) 71^ 7|^# ?|Oil HM ^SgH^ CK^ 21^2^ fiHEM ^S^HI, ^71 £1^2^ HHESF 3 
71^°1 ^ItjE^ ^7! HI I ^71 £1^2^ HE ^1 CHI 74i«H2#M ^^5^/^71 
wS^Sir^l H1 1 !9S 91 (HI HI 2 Q^°J 2^ IE! °, #71 ^3 Stl n«E 
Oil ^EM ^^o^ 211 itlt^ HjHH-2 7IS^i HI 5 Bfll ; 

(c) #71 2^ ^ECHI #71 g IE! 2^^^^ #71 7IS2I- #71 PH^ Sii 2£J 
ufe &71I ; 

(d) #71 ^2|HJ S CHI CH Bo hOl #71 XHHH^ 71 S! E^l; 

(e) #71 71 SOU #71 2|^S^ SHE 21- S7R£^ 31EIE^ £1^2^ SXH ^2£l~ 
E^IM Si ^^i^ SH7|X|£J Hli^. 

§7*h 13 HI 12tHHI S0IA1, #71 (e)-E^I^ #71 XHHH<^ 7IS-2J 71 S 7|i#m 2^ Hi 71 o KM 
#71 £1^2^ iEi £I^S h:^AI7IH, #71 £1^2^ nHE£j ZfZHH £I^S^ t^i^^fr 2S 
1 ^S^S S ^^1^ IH7IXI2J HI^W^. 

S^ti- 14. Hi 12 »M SiCHAi. #71 (e)E^I^ #71 HiHH^ 7IS2I £1^2^ HUE CHI 7IS 7|^#0| 

15. HI 13 V E^ HI 14 tfH #7} (c) E^l^ #71 z^z^SJ fijlF #71 XHHHd 

71^ MO|£j 2^ 1 AH CHI £^##1 ^#B^ E^ll □ itt^fe 2!1 i9£^ §F= Si 171X1 
£|lll£^. 

gzi^h 16 HI 13 *J E^ HI 14 t, h CHI 2iCHA1, #7! (a) E^l^ .#71 ^!£J S SHE Oil 7I7^# 
I^So^ s3l Q ^925 S ^?1l^ H?WHJ 

17. HI 13 V E^ HI 14 SIOJAI, #71 (b) B*I£J HH HI 2 ^2EAF0I 

I^^ej! E^ MEIOIOIES OI^OiAl^ 211 iS2I g nH7IX|£| Hl^^. 

g^tJ" 18. HI 13 V E^ HI 14 IHHI SiCHAf. #71 (b) SSIBJ Stf SE^ #71 BW SHECHI #Q 

E=y^ ElffS^ShOI ^^El^ 211 H9E^ S ^?1IB SU7IXIHJ Hli&S- 

19. HI 13 V Eir HI 14 VCHI 2L0\M, #71 (c) Si^ 1 80~230*c Oil A1 ^ 1B3 01^ 
01X1= 211 *fe § 17|X|£J HIS&S. 

20. HI 13 V E^ HI 14 VOil SICHAi, #71 7IS 7I£#^ 5^25 Oi^DIAIOI #71 (e) S 

21. HI 15 tHW aOlAi, #71 #7! Sl^ #71 HIHH2 7I&0I 2V^! #011 # 
71 S« BAIH SE7T 2i£ aiS- SV^ll xH°^ 3»«£S« S^EI^ 21S1 Il92^ ufc £' ^ 
Mil U?m2\ HliSB. 

g-ieh 22 HI 15 ttOI £iCHAi, #71 #71 7H1 #71 ^HUH^ 71501 2VEI7I SH 

#71 2 V 1AHCHI Ef« 5«aa Dl?-!^^^^^ V#EI^2!S1 i§2S tt= § ^51B nH7|A|£J HI 

-ju o i=j ■ 
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